® PMis acomplex mixture of many different physical
properties and chemical components. The relative
potency of these components has not yet been clearly

established.

Introduction

® Ambient and emission source air pollution particles can
include metals within the matrix of an insoluble

component, within a soluble salt, and complexed at a

surface.

® Metals which exist in more than one stable valence state
can catalyze an electron transfer and therefore

demonstrate some capacity to generate oxidants.

® Therefore, it is important for the EPA to better
understand the contribution of metals to the adverse
health effects observed in PM epidemiology studies.
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What Are the Health Effects Associated with Metals Found on PM?
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oxidants In vitro?

Do metals included in air pollution particles catalyze

The capacity of air pollution particulates sequestered on filters from Salt Lake City to participate in
electron transfer reactions was measured as oxidized products of deoxyribose and salicylate.
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Are metals associated with air pollution particles?

Metal concentrations (micromolar) associated with particulate
air pollutants on filters

Ti \% Cr Mn Fe Co | Ni Cu
Blank 0.0 1.6 2.4 0.5 13.6 00 (47 |05
Boston 7.0 7.0 0.5 7.7 1224 (00 |43 | 18.9
Cottonwood 0.5 2.2 2.5 0.9 23.1 00 [4.0 | 234
Cyn
Dallas 0.0 7.7 2.7 1.7 49.4 03 | 3.8 | 26.6
Denver 4.1 22.6 12.4 7.2 78.1 04 |55 |19.2
Lake Forest 0.0 4.4 2.6 1.3 39.1 00 |41 | 7.7
Park
Newark 2.0 27.3 216 |[104 93.9 06 |57 |15.1
Ogden 0.8 3.7 2.6 1.7 30.2 00 |40 | 6.2
Philadelphia | 0.0 33.8 4.0 1.8 1224 (00 |37 |32
Pleasant 1.0 3.9 3.2 1.1 40.1 00 |40 |42
Valley
Provo 131 | 1472 | 382 |[100.3 |1661.7| 1.7 |58 |17.0
Salt Lake 2.4 32.7 4.2 8.7 743.5 04 |44 | 437.
City 2
Trenton 0.0 74.3 5.3 11.2 1111 |04 (39 |10

Conclusion: Metals are included in particles sequestered on a filter

Correlations of metal concentrations on the filter with oxidant generation

Oxidant generation by filter +/-a metal chelator

100

rvalue pvalue
Ti 0.63 0.02
vV  0.070 0.001
Cr 0.58 0.04
Mn  0.67 0.01
Fe 0.78 0.002
Co 0.72 0.006
Ni 0.35 0.24
Cu 043 0.14
Total 0.80 0.001
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Conclusion: Metals on a filter correlate with in vitro oxidant generation
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Do metals included in air pollution particles catalyze

oxidants Iin vivo?

In vivo radical generation in the
lungs of arat instilled with 500
micrograms oil fly ash or metal
sulfates. ESR spectra
demonstrate radical adducts in
lipid extract of lungs 24 hours after
intratracheal instillation of the oil
fly ash and 1 hour after
intraperitoneal administration of 4-
POBN (8 mmol/kg). This adductis
consistent with either ethyl or
pentyl radical.
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Conclusion: Metals on a filter correlate with in vivo oxidant generation inan animal

Absorbance at 532 nm

Do metals present in ambient PM cause lung
Injury?

Metal concentrations in ten different air pollution particulates were measured. The
capacity of the ten particles to participate in electron transfer reactions was then
measured in vitro as oxidized products of deoxyribose (left panel). Sprague Dawley
rats were then instilled with the ten particles and lung injury measured as lavage
protein concentration.

Particle Saource
#1 Arizona desert dust
#2 Oil fly ash
#3 Mt. St. Helens
#4 Coal fly ash
#5 Ambient particle (Bochum)
#6 Ambient particle (Dusseldorf)
#7 Coal fly ash
#8 Fly ash
#9 Oil fly ash
#10 Coal fly ash
The relationship between in vitro oxidant generation The association of iron with lavage protein
and iron concentrations concentrations after tracheal instillation in arat
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Conclusion: There is an association between metal content of PM and
the severity of lung inflammation induced by the particle.

Can PM-induced lung inflammation be
decreased by metal chelators?

development

Can altered metal transport inside cells
alter the biological effects of PM?

In vitro release of mediators by BEAS-2B and in vivo lung injury in rats
was measured using an ambient air pollution particle with and without
treatment by chelex, a metal chelate.

Controls and Belgrade rats (deficient in the metal transporter DMT1)
were exposed to oil fly ash and lavaged 24 hours later.
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Conclusion: inability to efficiently transport metals inside cells
can exacerbate the effects of metal-containing PM.

Future Directions

® |s cardiopulmonary injury following PM exposure

Conclusion: PM-induced lung inflammation can be blunted by
the use of metal chelators.

dependent on exogenous metals attached to PM or can
PM exert its effects by mobilizing endogenous host

Do metals present in ambient PM cause cardiac injury?
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I Conclusion: metals can leave the lung and contribute to cardiac injury following particle exposure.
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metals?

® |dentification of ways to blunt the effects of metal-
induced injury using pharmacological tools.

® Better linkage of specific metals with individual
sources.

Impact and Outcomes

ORD sponsored research has clearly shown that metals
present in PM can cause cardiopulmonary injury via
induction of oxidative stress. This provides important
information to the EPA about an important PM
component. Since metals are also linked to specific
sources, these studies provide an opportunity to begin
linking health effects caused by metals to specific
sources of PM.

This poster does not necessarily reflect EPA policy. Mention of trade names or
commercial products does not constitute endorsement or recommendation for use.



